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Mouse Models

Duarte-Vogel and Lawson. Association between Hair-Induced Oronasal Inflammation and Ulcerative Dermatitis in C57BL/6 Mice, pp. 13-19

SUMMARY: The authors investigate the correlation between ulcerative dermatitis and hair-induced oronasal lesions secondary to excessive grooming activities.

C57BL/6 mice are prone to the development of hair-induced periodontitis. Several factors have been implicated as causes of periodontitis, including mechanical- and chemical-induced gingivitis, nutritional deficiencies, systemic disease, and bacterial plaque-induced gingivitis. Ulcerative dermatitis (UD) is a genetically linked syndrome that also affects C57BL/6 mice and strains on a BL/6 background. UD has been associated with gender, age, percentage of dietary fat, vitamin A, ad libitum feeding, and vasculitis caused by immune complex deposition. 

Three experimental groups were established according to the UD anatomic location: (1) rostral to occipital crest and to the ramus of the mandible (n=40), (2) dorsal cervical skin (n=40), and (3) other parts of the body (n=16). The control group contained 40 chronically and excessively barbered, 1 year old C57BL/6J mice. None of the controls had UD. A necropsy was performed on each mouse, and data collection included strain, gross pathology, and histologic evaluation of the structures of the head. Sections of the head were examined for the presence of lesions within the oral, nasal cavities, and sinuses. 

A strong association between hair-induced oronasal lesions and the presence of UD was found. There was no significant difference between groups with UD, but there was a statistically significant difference between all experimental animals and the control group. Although none of the control animals had UD, 25% had histologic evidence of hair-induced oronasal inflammation. Overall, 93.75% of the population of mice with UD had hair-induced oronasal inflammation. In >90% of the cases of hair-induced inflammation, facial UD was localized ipsilateral to the intraoral or intranasal lesions. The authors speculate that the pain and discomfort from the inflammation results in compulsive scratching behavior that leads to self-trauma and ulceration.

QUESTIONS:
1. What is the predominant inflammatory response in C57BL/6 mice?

a. Th1

b. Th2

c. Both Th1 and Th2

2. What is the role of L-selectin in leukocytes?

3. What are the pharmacodynamics of each of the following treatments:

a. Vitamin E

b. Ibuprofen

c. Cyclosporine

d. Caladryl (pramoxine HCl)

ANSWERS:
1. A

2. L-selectin is expressed on the surface of all leukocytes and is essential for leukocyte rolling at sites of inflammation. It is also the only selectin involved in the migration of lymphocytes into lymph nodes during lymphocyte recirculation, recruitment, and maturation.

3. a. 
Free-radical scavenger

b. 
Inhibitor of arachidonic acid-cyclooxygenase cascade


c. 
Suppresses the immune system by a specific, reversible inhibition of the cell 


cycle in T-helper lymphocytes and suppresses IL2 synthesis


d. 
Local anesthetic that interferes with transmission of impulses along sensory 


nerve fibers 

Bardi et al. Paternal Experience and Stress Responses in California Mice (Peromyscus californicus), pp. 20-30

Tertiary Species: Other Rodents

SUMMARY: The paper served as an investigation and evaluation of long-term behavioral and physiologic effects of parental experience in mice (Peromyscus californicus). Approximately only 5% of mammalian species show the integral role the paternal member contributes to raising offspring.  Some paternal animal models demonstrate hormonal alterations (less than maternal effect in females, however) associated with copulation pair-bonding and paternal care. 

Stress responses are often measured by glucocorticoids (cortisol, corticosterone), corticotrophin-releasing hormone, neuropeptide Y and norepinephrine; though little research has been done on DHEA and stress, DHEA has been shown to be released in parallel to cortisol during physical stress.  The ratio between DHEA and cortisol has previously been found to be a reliable index of neuroprotection.  This study assessed the variability and influence of paternal experience on behavioral strategies and neuroendocrine stress responses of adult male Peromyscus mice.

Materials/Methods: Three groups of adult male California mice – mice with previous parental experience (‘Dads’), males without previous parental experience but exposed to pups (PEV) and those never exposed to pups (control).  The two experimental groups were exposed to unfamiliar pups for 3 days before behavioral tests for 10 minutes.  Fecal samples were collected 12 hrs after this exposure and analyzed for corticosterone and DHEA.
Experiment 1: Open field/novel object experiment was performed. Twelve hours later fecal samples were collected and analyzed for corticosterone and DHEA, behavioral responses recorded.

Experiment 2:  Novel cage with filter paper saturated with 30ul of 2,5-dihydro-2,4,5-trimethylhiazoline (TMT), a component of red fox feces to stimulate fear response.  Activity was recorded as was proximity to the TMT.

Results: Mice with previous parental experience (“Dads”) and males exposed to pups, but had not sired a litter (PEV) both exhibited paternal behavior for unfamiliar pups.  Six mice (4 PEV and 2 “dads) attacked pups during exposure and were classified as inadequate.  After pup exposure, “Dads” had a higher level of corticosterone and DHEA than PEV and controls; PEV had a higher DHEA:CORT ratio than either group.

Experiment 1:  No difference between traditional behaviors (freezing, movements, exploration, interaction w/ object, grooming) in groups when placed in the paradigm of novel object. However, significant effects of the 3 paternal experience levels were seen in measures of structured behavior – interrupted grooming sequences decreased as paternal experience decreased, etc.  No significant differences between groups were found after completion of the novel-object open-field test.

Experiment 2:  None of the behavior measures differed among the 3 groups – all mice spent significantly more time away from the TMT patch than close to it.  No significant differences between the corticosterone and DHEA levels after TMT exposure.

 

Results/Discussion: Reproductive experience can have long-term effects on the behavioral and physiologic propensities of males and alter the neural and physiologic central mechanisms in adaptive responses in a biparental species, like P. californicus.  Male mice with paternal experiences exhibited fewer disrupted behavioral chains vs. controls.  Thus, parental experience enables animals to assess stressful environments and respond in more adaptive ways than those of males with no/limited parental experience.  Also, regardless of the experience of the group, all animals in all groups reacted similarly to TMT exposure.
 

QUESTIONS:
1. 
Name two members of the rodent species which provide bi-parental care

2. 
According to this paper, which of the following does NOT assess stress responses?
a.
Glucocorticoids (cortisol and corticosterone)

b. 
Corticotrophin-releasing hormone

c.
Norepinephrine

d. 
Enteroglucagon 
3.  
The use of 2,5-dihydro-2,4,5-trimethylhiazoline (TMT) is used in the laboratory setting for what purpose?

ANSWERS:
1. 
The California mouse – Peromyscus californicus; Prairie vole – Microtus ochrogaster
2. 
D – Enteroglucagon

3.  
TMT is used to stimulate a fear response in mice

Krugner-Higby et al. The Effects of Diet Composition on Body Fat and Hepatic Steatosis in an Animal (Peromyscus californicus) Model of Metabolic Syndrome, pp. 31-38

Domain 3 – Research; Task 1 – Advise and consult with investigators on matters related to their research  

 

Tertiary Species: Other Rodents

 

SUMMARY: Obesity is a condition of excessive fat distribution. Lipoatrophy is the inability to store peripheral fat. The consequences of obesity and lipoatrophy are remarkably similar. Both obesity and lipoatrophy produce insulin resistance, fatty liver disease, hypertension, and type II diabetes mellitus, the features of the metabolic syndrome. Both obesity and lipoatrophy are consequences of inability to expand the peripheral fat mass sufficiently to store excess energy. 

 

Lipoatrophic syndromes may be generalized or partial, genetic or acquired.  

 

Congenital generalized lipoatrophy syndrome occurs as a result of mutations in the genes 1-acylglycerol-3-phosphate-O-acyltransferase 2, Berardinelli–Seip congenital lipodystrophy 2, and caveolin (CAV1). 95% of identified cases of generalized lipoatrophy syndrome have mutation of the listed genes.

 

A total of 4 genetic loci have been identified that are associated with familial partial lipodystrophy: lamin A/C, peroxisome proliferatorsactivated receptor γ, vAKT murine thymoma oncogene homolog 2, and zinc metalloprotease. However, many patients with familial partial lipodystrophy syndromes do not have mutations in the known genes, so additional involved genes remain to be identified and studied.

 

The 2 mouse models of congenital generalized lipoatrophy are mice that lack the genes caveolin or 1-acylglycerol-3-phosphate-O-acyltransferase 2. Mice null for caveolin resist diet-associated weight gain and have fat depots that are 50% smaller than those of controls but their blood glucose and insulin concentrations are normal. Mice that lack 1-acylglycerol-3-phosphate-O-acyltransferase 2 show 80% mortality within 3 wk of birth; surviving pups have diabetes and fatty liver disease. However, the high neonatal mortality is not a feature of the human form of the disease.

 

Among the mouse models of familial partial lipodystrophy, mice null for lamin A die within 8 wk of birth with severe muscular dystrophy. These mice are reported to be lean, but the muscular dystrophy component is not a common feature of human lipodystrophy syndromes. In contrast, hepatic tissue-targeted ablation of peroxisome proliferators-activated receptor γ function leads to significant amelioration of hepatic steatosis in mice fed high fat, suggesting that expression of this gene is necessary for hepatic fat accumulation. 

 

AZIP-F1 mice have been used as a model of lipoatrophic insulin resistance and diabetes. Evidence from rodent models of lipodystrophy indicates that treatment with exogenous leptin will ameliorate the metabolic syndrome and leptin therapy may be a promising treatment for several types of congenital and acquired lipodystrophy in human beings.

 

The California mouse (Peromyscus californicus) variably develops many features of the metabolic syndrome, including hypertriglyceridemia, hyperinsulinemia, islet cell hyperplasia, and (occasionally) type II diabetes in response to a diet containing a moderate amount of fat (26% energy as fat) and in the absence of the gross obesity and infertility expected with mutation of the known leptin receptors or leptin deficiency. California mice that are susceptible or resistant to hyperlipidemia after consuming a moderate-fat diet have been identified and can be selectively bred for research. The current studies were undertaken to characterize the body composition, regional fat storage characteristics, and leptin concentrations of susceptible and resistant California mice in response to diets containing 12% or 26% of energy as fat. Additional experiments used a diet containing 45% energy as fat to reveal the extent of hepatic steatosis.

 

Diet: California mice were fed low-fat (12.3% of energy from fat or 4.5% by weight; the 12% diet), moderate-fat (25.8% of energy from fat or 11% by weight; the 26% diet), and high-fat (45% of energy from fat or 21% by weight; the 45% diet; Research Diets) commercial diets and water were provided ad libitum. The source of fat for the 12% and 45% diets was beef tallow and a combination of beef tallow and soybean oil for the 26% diet.

 

California mice: High-responder (HR; mean serum triglyceride greater than 1000 mg/dL) and low-responder (LR; mean, mean serum triglyceride less than 300 mg/dL) mice were those comprising the highest and lowest quartiles, respectively, of the original population of 24 mice according to their serum triglyceride concentrations after 6 wk of consuming the moderate-fat diet. Briefly, selective breeding of California mice were based on their serum triglyceride responses to dietary fat was used to establish the colony. Initial test mating was done on mice after feeding the 26% diet for 6 wk. Blood samples for determination of glucose, insulin, cholesterol and triglyceride concentrations were taken from the mice in the founder colony after a 4-h fast.

 

High-, low-, and intermediate-responding mice were designated based on their triglyceride concentrations (greater than 1000 mg/dL, less than 400 mg/dL, and between 400 and 1000 mg/dL, respectively). A commercial test kit was used to determine serum triglyceride concentrations. Body composition was done under isoflurane anesthesia by using a densitometry scanner that has been validated for use in laboratory mice. Serum leptin concentration was assayed by using commercial kits. Terminal measurement of body composition was performed at necropsy; total body fat and mineral content was measured. Liver histopathological scoring and visceral fat pad weights were taken.

 

The weight of the abdominal fat did not differ between the HR and LR mice fed the 26% fat diet but fat deposition was noted in the liver; Results are consistent with partial lipoatrophic syndrome. Diet-induced steatosis in California mice lacks both definitive features of NASH (non alcoholic steatohepatitis; inflammation and fibrosis) but has the attributes of NAFLD (non alcoholic fatty liver disease).

 

Liver weights of HR mice fed the moderate-fat diet were higher than those of LR mice fed the same diet, and the moderate-fat diet was associated with nonalcoholic fatty liver (NAFLD). HR and LR mice had similar serum leptin concentrations. California mice develop NAFLD without excess fat accumulation elsewhere. NAFLD was influenced by genetic and dietary factors. These mice may be a naturally occurring model of partial lipodystrophy.

 

QUESTIONS:
1. The features of the metabolic syndrome include;

a.
Hypertension

b.
Insulin resistance and Type II diabetes 

c. 
Fatty liver disease

d.
Hypertriglyceridaemia

e. 
All of the above 

2. True or False? The 2 mouse models of congenital generalized lipoatrophy are mice that lack the genes caveolin or 1-acylglycerol-3-phosphate-O-acyltransferase 2.

3. True or False? Evidence from rodent models of lipodystrophy indicates that treatment with exogenous leptin will ameliorate the metabolic syndrome and leptin therapy may be a promising treatment for several types of congenital and acquired lipodystrophy in human beings. 
4.   Which of the following statements is true with regards to leptin? 

a. 
Is a peptide hormone

b. 
Plays a key role in regulating many homeostatic and developmental functions in mammals

c.  
Acts to prevent fatty infiltration of solid organs

d. 
Concentrations in the blood and CNS are in the regulation of fat mass and maintenance of body weight, onset of puberty and subsequent fertility, fibrosis and reaction to tissue damage

e. 
All of the above

 

ANSWERS:
1. 
e

2. 
True

3. 
True

4. 
e

 

Williams et al. Protective Effect of Inositol Hexaphosphate Against UVB Damage in HaCaT cells and Skin Carcinogenesis in SKH1 Hairless Mice, pp. 39-44

Primary Species: Mouse (Mus musculus)
Domain 3: Research

 
SUMMARY: The purpose of this study is to assess the effect of myo-Inositol hexaphosphate (IP6 or phytic acid) on UVB induced skin tumors in hairless mice and in vitro cell cultures of human keratinocytes exposed to UVB. IP6 is a polyphosphorylated carbohydrate that has been experimentally proven to repair DNA damage, inhibit cell proliferation, and induce differentiation through signal transduction pathways, cell cycle regulatory genes, oncogenes, and tumor suppressor genes. It is also a strong antioxidant. 

The immortalized human keratinocyte cell line HaCaT was irradiated with varying UVB intensities then treated with IP6. The cells were assessed for cell cycle progression, apoptotic cell death and caspase 3 activity. The cells treated with IP6 had increased viability and decreased apoptosis and necrosis in relation to the untreated cells. 

The mice were exposed to whole body irradiation with UVB lamps 3 times weekly. The mice were then divided into two groups. 15 mice received a placebo and 8 mice received 4% IP6 as a topical cream. The cream was applied beginning 3 days prior to irradiation and 1 hour prior to irradiation. The IP6 group had fewer tumors and tumor multiplicity than the placebo group. This study demonstrates that IP6 is effective in protecting HaCaT human keratinocytes from UVB-induced apoptosis and in decreasing tumor incidence and multiplicity through topical application in a mouse model. 

 
QUESTIONS:
1. What is IP6? 

2. What are Crl:SKH1-hr mice?

 

ANSWERS:
1. myo-Inositol hexaphosphate (IP6 or phytic acid) is a polyphosphorylated carbohydrate that has been experimentally proven to repair DNA damage, inhibit cell proliferation, and induce differentiation through signal transduction pathways, cell cycle regulatory genes, oncogenes, and tumor suppressor genes. It is also a strong antioxidant. 

2. An outbred strain from Charles River Laboratory. This mouse is euthymic, immunocompetent, and hairless. 
 

Rat Models
Livingston et al. Pneumocystis carinii Infection Causes Lung Lesions Historically Attributed to Rat Respiratory Virus, pp. 45-52
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions
Primary Species: Rat (Rattus norvegicus)

SUMMARY: Idiopathic interstitial pneumonia of rats has been attributed to a believed viral agent, Rat Respiratory Virus (RRV).  An association was hypothesized to be apparent between RRV and Pneumocystis carinii in rats.   An experimental study was thus performed in order to determine if a cause and effect relationship could be proven for the classic interstitial pneumonia lesions and Pneumocystis carinii infection.   Samples of rat lung tissue stored at RADIL previously diagnosed with lesions consistent with RRV were tested by PCR and silver staining for the presence of P. carinii.  Twenty of 23 samples were positive for the fungus, while 0 of 20 samples found negative for lesions previously consistent with RRV tested positive for P. carinii.   In a second experiment, rats were intratracheally inoculated with P. carinii and lung tissues evaluated at various time points post inoculation.  A second group of rats were also cohoused with inoculated rats and evaluated after various time points.  PCRs and histological staining for P. carinii cysts and characteristic lesions consistently showed that the condition was identical to the believed agent RRV.  PCR sequences were compared across the three groups and were found to be 100% identical.  The authors strongly concluded that the causative agent for idiopathic interstitial pneumonia is Pneumocystis carinii and no longer RRV.

QUESTIONS:
1. What diagnostic tests are currently available to test for RRV?

2. What is the lesion that identifies idiopathic interstitial pneumonia?

3. What stain is used to determine the presence of Pneumocystis cysts in lung tissue?

ANSWERS:
1. None

2. Multiple foci of dense perivascular lymphocytic cuffs in multiple areas of the lung, lymphohistiocytic interstitial pneumonia

3. Silver 

Kodama et al. Diabetes Enhances Dental Caries and Apical Periodontitis in Caries-Susceptible WBN/KobSlc Rats, pp. 53-59

Task 9: Selection and Development of Animal Models

Primary Species: Rat (Rattus norvegicus)

SUMMARY: This study investigated the relationship between diabetes and the development of dental caries in a diabetic animal model.  Dental tissue from WBN/KobSlc diabetic males and nondiabetic females and males (F344) were analyzed for the presence of periodontal disease or dental caries.  Scores for alveolar bone resorption and dental caries were highly associated with WBN/KobSlc rats. Histologically, periodontal inflammation was present adjacent to teeth with severe apical periodontitis due to dental caries. Hyperglycemic conditions rather than sex associated differences appear to enhance caries formation in caries-susceptible WBN/KobSlc rats.

QUESTIONS:
1. Which is considered a higher risk for destruction of periodontal tissue: Type 1 Diabetes or Type 2 Diabetes

2. Name 2 diabetogenic chemical used to induce type 1 diabetes in rodents.

3. Name 2 noninsulin dependent  diabetic animal models

4. (Male/Female) rats of the WBN/KobSlc strain develop spontaneous diabetes after 10 months of age.
ANSWERS:
1. Type 2 Diabetes

2. Streptozotocin and alloxan

3. Zucker diabetic fatty rats and Goto-Kakizaki rats

4. Male

Nonhuman Primate Models

White et al. Longitudinal Patterns of Viremia and Oral Shedding of Rhesus Rhadinovirus and Retroperitoneal Fibromatosis Herpseviruses in Age-Structure Captive Breeding Populations of Rhesus Macaques (Macaca mulatta), pp. 60-70

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Condition; T1. Prevent spontaneous or unintended disease or condition; T2. Control spontaneous or unintended disease or condition; K7. Epidemiology including species-specific susceptibility to induced disease (e.g., modes of disease transmission; latency; persistence; prevalence; incidence) 
Primary Species: Macaques (Macaca spp)
SUMMARY: Group performed a longitudinal study to examine the prevalence and potential influence of age, season, and housing location of rhesus rhadinovirus (RRV) and retroperitoneal fibromatosis herpesvirus (RFHV) at a facility in which both viruses are endemic in the breeding population.  All rhesus included in study were antibody positive for rhadinovirus by IFA, a test that does not discriminate between RRV and RFHV.  The proportion of animals positive for each virus and viral loads were determined using real-time PCR in both saliva and blood over six time points.  All macaques in which RFHV infections were detected were found to be co-infected with RRV at 1 or more time points.  There were, however, numerous RRV infections identified without co-infection with RFHV.  Age was a significant determinant of viral proportions and viral loads for both viruses, but the relation was not the same between the two viruses.  For RRV, the proportion of PCR positive animals and viral loads in both blood and saliva samples was higher for younger animals compared to older animals.  For RFHV, higher proportions of older rather than younger animals were PCR-positive in saliva (there was no significant effect of age on the proportion of PCR-positives in blood).   RFHV viral loads in the blood, however, were similar to those of RRV, such that higher loads were seen in younger animals.  RFHV viral loads in the saliva were highest in the 3-5 year old age group.  There were also significant differences of season observed with large differences in proportions of RRV PCR-positives in saliva and blood between fall and spring months, higher proportions were always seen in blood samples.  This contrasted with RFHV which had higher proportions of positives in saliva compared to blood in all seasons.    The results demonstrated that in this study macaques sampled were more likely to be PCR-positive for RRV in blood but for RFHV in saliva, that shedding for both viruses is intermittent in oral secretions, and that for both viruses macaques in endemic populations are infected at a very young age.

QUESTIONS:
1. What type of herpesviruses are RRV and RFHV?

a. Alpha

b. Beta

c. Gamma

d. Delta
2. RRV and RFHV are macaque homolog of which human herpesvirus important in immunosuppressed humans?
3. Which virus has been associated with persistent lymphadenopathy and B cell hyperplasia in SIV co-infected macaques?

a. RRV

b. RFHV

c. Neither

ANSWERS:
1. C.  Gamma

2. Human herpesvirus 8, Kaposi sarcoma-associated herpesvirus

3. A.  RRV

Lammey et al. Use of an Implantable Loop Recorder in the Investigation of Arrhythmias in Adult Captive Chimpanzees (Pan troglodytes), p. 71-75
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; K9. diagnostic procedures, c. other diagnostic procedures (e.g., imaging techniques; EKG)
Tertiary Species: Other Nonhuman Primates

SUMMARY: Cardiovascular disease is an important cause or morbidity and mortality in captive chimpanzees. Specifically, ventricular arrhythmias are common in great apes and may be associated with underlying structural heart abnormalities. To decrease the prevalence of sudden cardiac death in chimps, with a more thorough means of evaluating sporadic arrhythmias, the authors report the use of an implantable loop recorder (ILR). They hypothesized that ILRs would aid with an improved clinical assessment. Two limitations associated with using ILR included the lack of storage of 24 hrs of data, as compared to a Holter monitor. Secondly, arrhythmias with a normal heart rate will not be captured as abnormal (for example, accelerated idioventricular rhythm). Despite these limitations, the use of an ILR is minimally invasive and can help diagnose intermittent arrhythmias.

QUESTIONS:

1. What is commonly used in humans for long term evaluation of cardiac arrhythmias and conduction disturbances?

2. Multiform ventricular ectopy is also referred to as?

3. Currently, what is the anesthetic agent of choice for sedating chimps?

ANSWERS:

1. Holter monitoring (24 hour ECG info)

2. Ventricular premature complexes

3. Telazol or tiletamine-zolazepam

Multiple Species Model

Bagi et al. Comparative Bone Anatomy of Commonly Used Laboratory Animals: Implications for Drug Discovery, pp. 76-85

SUMMARY: The study, as the title implies, compares differences in cortical and cancellous bone structure, mone mineral density, and morphology at the proximal femur, proximal femoral diaphysis, lumbar vertebrae and mandible in mice, rats, rabbits, dogs and nonhuman primates. The authors’ goal was to provide more understanding of bone gross and microanatomy across species that will allow proper selection for bone related research. The study used X-ray and microCT to create large amounts of data, including the following parameters of cancellous bone – trabecular number, thickness, plate separation, and connectivity among species.

General statements made by the authors: the skeletal characteristics of rabbit seem to make this species the least desirable for preclinical research of human bone physiology, while nonhuman primates seem the most applicable for extrapolation of data to humans. Rat models are extremely useful for conducting basic research. Statistical analysis of interspecies differences were not carried out due to the large variation in size and shape of bones between species, relatively small sample size and use of both genders in each species analyzed. Finally, the authors state that combination of radiology and mCT allows for quick, reliable, and noninvasive evaluation of bone morphology, the complex microarchitecture of cortical and cancellous bone, and bone mineral density, with great translational value from the preclinical to clinical environment.

QUESTIONS:

1. T/F. Rabbits seem to be the least desirable species to conduct preclinical research of bone physiology due to morphology of the proximal femur, including a very short femoral neck and small amounts of cancellous bone at the femoral neck, vertebral body and mandible.

2. T/F. Cynomolgus macaques are the most desirable species to conduct preclinical research of bone physiology.

3. T/F. The Food and Drug Administration requires that novel therapies in osteoporosis research must be tested in both rodents as well as a large animal model.

4. T/F. A second species in preclinical research is required because rodents lack the Haversian system.

ANSWERS: 1-4 all true.

Case Study

Fong et al. Pulmonary Embolization of Fat and Bone Marrow in Cynomolgus Macaques (Macaca fascicularis), pp. 86-91

Domain 1:  Management of Spontaneous or Experimentally Induced Diseases or Conditions

Primary Species: Macaques (Macaca spp)
SUMMARY:  This case study is presented as the first known report of fat embolization (FE) and bone marrow embolism in non-human primates.  It is important because FE (defined as the introduction of bone marrow elements into the bloodstream)  is a complication of bone fractures in humans  and by demonstrating that NHP's developed varying degrees of fat embolism syndrome (FES) after undergoing multiple bone marrow biopsies, they could prove to be a useful model for FE.  FES is a triad of clinical signs including respiratory distress, skin petechiation, and cerebral dysfunction.  The authors also suggest that that FE and FES are important research confounders and that FES should be considered a differential diagnosis for clinical complication associated with skeletal trauma.  In humans there are a set of criteria/symptoms associated with FES  and patient must meet at least 2 major or 1 major and 4 minor criteria for a diagnosis of FES to be assigned.  The major criteria include respiratory insufficiency, petechial rash, and cerebral involvement and the minor criteria include pyrexia, tachycardia, retinal changes, jaundice, renal changes, thrombocytopenia, elevated erythrocyte sedimentation rate, and fat macroglobulinemia.

This study involved 15 NHP's over the course of 3 years, who all were subjects in a protocol studying the effects of extracorporeal adsorption therapy; 5 had histology performed as part of their follow-up.  FE were found in the histological samples from all 5 animals, but the authors chose to focus on one of the 5 because she was the only animal to show clinical signs of consistent with FES.    
Materials and Methods:  The complete study protocol was to be completed over 6 days and included a 48hr period of time where numerous samples were collected including bone marrow biopsies, blood draws,  and repeated anesthesia.  For the NHP #1, on d1 blood was drawn and potassium iodide was given to protect the thyroid.  On d4 NHP #1 received an IV injection of a trace-radiolabeled recombinant tetravalent single-chain antibody-streptavidin fusion protein .  On d5 NHP #1 was sedated, then anesthetized for extracorporeal adsorption procedure and sample collection.  Seven hours into the anesthesia the mean arterial blood pressure fell and the animal went into cardiovascular arrest.  Staff was unable to resuscitate the animal and experiment was terminated 30 hours after radiolabeling; 12 hours before completion.  Cases 2-5 followed same procedure.     

Pathology Results:  Pathologic changes in lung included flooding of regional alveoli by free erythrocytes and edema fluid in multifocal sites throughout the lung.  Vasculature often contained bone marrow emboli.  Although histologic pulmonary changes were observed in all 5 NHP's that were consistent with FE, but did not elicit any clinical signs except possibly in NHP #1.  The authors noted that the repeated and prolonged gas anesthesia most likely contributed to the cardiovascular collapse which resulted in the euthanasia of monkey #1.  

Discussion:  FE and FES should be considered possible complications of skeletal trauma/damage in laboratory animals.  It was discussed that there are still questions about how to define the disease syndromes and the disease pathophysiology.  The summary emphasized that because FES is so difficult to diagnose and treat that prevention should be the goal.  Based on previous studies it was suggested that careful technique, collection from younger animals, and collection from the humerus would reduce the risk of FES when performing bone marrow biopsies.

QUESTIONS:
1.  
Fat embolism syndrome includes a triad of symptoms including:   

A.  
Respiratory distress

B.  
Skin petechiation

C.  
Cerebral dysfunction

D. 
Liver dysfunction

E.  
A, B, and C

F.  
A, C, and D

2.  
Macaca fascicularis is the genus species name for what Old World Monkey used in this study?

A.  
Cynomolgus monkey (aka crab-eating or long tailed macaque)

B.  
Chimpanzee

C. 
Japanese macaque

D.  
Pig-tailed macaque

E.  
Rhesus macaque

3.
Because FES is difficult to diagnose and treat, steps to prevent its occurrence are recommended including:

A.  
Collection from older animals

B.  
Collection during certain times of the estrus cycle in females

C.  
Collection from the humerus

D.  
Collection form younger animals

E. 
C and D

                

ANSWERS:
1.  
E

2.  
A

3.  
E

